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ABSTRACT
The Blackfeet Indian Reservation is located in northwestern Montana adjacent to Glacier National Park and Alberta, Canada. Browning, the largest town within the reservation, is the center of Blackfeet Tribal government and health services, and is the primary service and trade center within the reservation. Growth in Browning has increased demands on the public watersupply system, and additional water is needed to meet demands during periods of peak water use.
The U.S. Geological Survey, in cooperation with the Blackfeet Water Resources Department, conducted a field investigation of shallow ground-water resources and surface-water resources in the area between Browning and Starr School. This report describes those resources and presents the data collected. Quaternary and Tertiary unconsolidated-deposit aquifers identified in the study area are (1) gravel deposits of Starr School Flat, (2) till with buried channels and lenses of sand and gravel, and (3) alluvium of Cut Bank Creek.
Two unconsolidated-deposit aquifers are used for public water supplies. The gravel aquifer of Starr School Flat is used as a source of drinking water in the community of Starr School. Wells in the gravel aquifer can produce 100 gallons per minute, although in most of Starr School Flat, wells produce much less because of the small thickness of saturated gravel. Sand and gravel deposits in buried channels and lenses of sand and gravel between till units are used as a source of drinking water for Browning. Sand and gravel in buried channels can yield 150 gallons per minute or more to properly constructed wells. Alluvium of Cut Bank Creek is a coarse gravel and cobble aquifer that probably could yield more than 300 gallons per minute to properly constructed wells. Cretaceous bedrock aquifers, consisting of fine-grained sandstone, seldom yield more than 15 gallons per minute to wells.
Cut Bank Creek is the primary surface-water resource in the study area. Cut Bank Creek originates in the mountains of Glacier National Park and has a dependable perennial flow of high-quality water.
INTRODUCTION
Browning, the cultural and trade center of the Blackfeet Indian Reservation in northwestern Montana, has an increasing population along with rapid growth in construction of new homes and businesses. The addition of many new homes and businesses on the Browning public water-supply system has greatly increased the demand for water for domestic and industrial uses and for fire protection.
Ground water is the primary source of drinking water in Browning, in the nearby community of Starr School, and in most individual rural homes in the Browning area. The Browning public water-supply system has well fields in three locations, but the quantity of ground water supplied by these well fields is inadequate to meet demand during periods of peak water use or during times of prolonged drought. Meeting the present and future water needs requires the development of a dependable, large capacity, groundwater supply or the construction of a surface-water treatment plant to treat water imported from a large perennial stream such as Cut Bank Creek (Lyle Meeks, Neil Consultants, Inc., Great Falls, Mont., written commun., 1993). Developing a source of ground water is likely the least-costly and therefore preferred alternative, provided aquifers in the area are capable of supplying the larger water demand (Lyle Meeks, written commun., 1993) . A good understanding of the water resources of the Browning area is needed to enable planners to make sound decisions about water-system planning and development.
A reconnaissance-level study of geology and ground-water resources of the entire Blackfeet Reservation was conducted from 1990 to 1993 by the U.S. Geological Survey in cooperation with the Blackfeet Water Resources Department (Cannon, 1996) . That
Geographic Setting
The Blackfeet Indian Reservation is located in northwestern Montana on the eastern slopes of the Northern Rocky Mountains ( fig. 1 ). The reservation is bounded on the north by Alberta, Canada, and on the west by Glacier National Park. The reservation encompasses nearly 2,400 square miles in Glacier and Pondera Counties, Montana. In 1990, the population of the reservation was approximately 8,550 (U.S. Bureau of the Census, 1991).
Browning, the largest town within the Blackfeet Indian Reservation, in 1990 had a population of approximately 4,550, slightly more than half of the total reservation population. Browning is the center of Blackfeet Tribal government and health services, the home of Blackfeet Community College, and the primary service and trade center within the reservation. The town is located near the intersection of U.S. Highway 2, U.S. Highway 89, and the Burlington Northern Railroad. Because Browning is on a major transportation route to Glacier National Park, thousands of tourists pass through the town each year.
Browning is situated about 4 miles south of Cut Bank Creek. The general area is drained by Flatiron Creek, Willow Creek, and Depot Creek. These small streams flow easterly, where they merge and flow into Cut Bank Creek near the center of the reservation. Cut Bank Creek is the largest stream in the study area. Cut Bank Creek flows easterly from its headwaters in the mountains of Glacier National Park through the Blackfeet Indian Reservation, to the town of Cut Bank, at the eastern boundary of the reservation. Cut Bank Creek is extensively used for irrigation and stock watering in the Blackfeet Reservation, and is used for municipal water supply in the town of Cut Bank. Within the study area, Cut Bank Creek and its flood plain are incised below the level of the adjacent till and gravel-capped uplands forming steep valley walls 40 to 60 feet high.
GEOLOGY AND GEOMORPHOLOGY
Bedrock in the study area consists of Cretaceous mudstone, soft shale, and fine-grained sandstone. Formations present are the Virgelle Sandstone and Telegraph Creek Formation, Two Medicine Formation, Horsethief Sandstone, and St. Mary River Formation ( fig. 2 ). These formations are exposed in some places along the valley of Cut Bank Creek and in some roadcuts. Bedrock of the study area has undergone intense faulting and deformation. As a result of thrust faulting, bedrock units dip steeply (20 to 70 degrees) to the southwest and have a general strike of N. 25 degrees W. In most of the study area, bedrock is covered by unconsolidated gravel deposits of Quaternary and Tertiary age, and glacial till and alluvium of Quaternary age (% 3).
Land forms in the Browning area are diverse as a result of regional uplift, thrust faulting, extensive erosion, deposition from glaciers, and renewed erosion after deglaciation. The Northern Rocky Mountain area was undergoing uplift and faulting about 72 to 46 million years ago, during Late Cretaceous and early Tertiary time. The amount of uplift likely exceeded 45,000 feet and horizontal movement along thrust faults exceeded 29 miles (Mudge, 1970) . Erosion of the uplifted area during middle and late Tertiary time (38 to 2 million years ago) wore down the mountains to nearly their present level and sculptured the plains east of the mountains into vast pediments that slope north- eastward away from the mountain front. The pediments are capped with coarse gravel, cobbles, and sand deposited by many high-energy streams flowing eastward from the high mountains to the west. Glaciers covered much of the study area during various periods from about 2 million to 10,000 years ago. Glaciers are responsible for many of the present landforms, lakes, and drainage patterns in the Browning area. After glaciers melted from the area, streams such as Cut Bank Creek resumed erosion of their channels and flood plains.
GROUND-WATER RESOURCES
Ground-water resources of the area consist of aquifers in unconsolidated deposits and in near-surface bedrock units. Aquifers in unconsolidated deposits supply most drinking water in the Browning-Starr School area and have the greatest potential for development of additional water supplies. Aquifers in bedrock units supply only small quantities of water to most wells, based on well records at the Indian Health Service office in Browning. Water from bedrock aquifers generally is of poorer quality than water from unconsolidated-deposit aquifers (Cannon, 1996) .
Unconsolidated-Deposit Aquifers
Three unconsolidated-deposit aquifers are located in the study area. The aquifers are (1) gravel deposits of Starr School Flat, (2) till with its associated buried channels and lenses of sand and gravel, and (3) alluvium of Cut Bank Creek.
Gravel Aquifer of Starr School Flat
Starr School Flat is a broad, eastward-sloping pediment mantled with coarse gravel and cobbles. The gravel deposits range from about 5 to 45 feet thick and extend from Starr School, northward about 3.5 miles to Grease wood Creek (north of the study area boundary), then northeastward about 6 miles. The gravel deposits of Starr School Flat are overlapped on the west by till deposited from the Cut Bank glacier ( fig. 3 ). The westward extent of the gravel beneath the till is unknown. The highest parts of Starr School Flat lie about 60 to 100 feet above the valley of Cut Bank Creek. The gravel-capped pediment ends in a sharp escarpment along its southern margin, where it has been truncated by erosion from Cut Bank Creek. The creek creates a distinct boundary between the rolling till-covered plain to its south and the unglaciated gravel-capped pediment to its north. In this area, the Cut Bank Creek valley was formed through erosion of a deep channel by a large stream flowing along the northern margin of the Two Medicine glacier.
Cobble and gravel deposits of Starr School Flat appear to form a highly permeable aquifer that is readily recharged by rain and snowmelt. Leakage from ditches used to convey stock and irrigation water diverted from North Fork Cut Bank Creek also recharges the aquifer. The aquifer discharges to many seeps and springs along the Cut Bank Creek valley. Streamflow measurements made in the area of Starr School Flat at sites ST-1 and ST-2 ( fig. 3 ) consistently showed an increase in flow along that reach of Cut Bank Creek. Four sets of measurements made between October 1990 and May 1995 indicated gains of 1.5 to 16.8 cubic feet per second, with an average gain of 6.8 cubic feet per second. Most of the gains probably can be attributed to discharge of ground water to Cut Bank Creek.
Because of evidence for significant water discharge from the gravel aquifer of Starr School Flat, the area was studied to determine aquifer thickness and potential for water development. The study focused mainly on the southern part of the aquifer between Cut Bank Creek and Hidden Lake ( fig. 3 ). To determine aquifer thickness, water quality, and potential for water development, existing wells and springs were inventoried, a test well was drilled east of Starr School, and seismic refraction lines were run in sees. 24 and 25, T. 33 N., R. 12 W. Several wells completed in the gravel aquifer supply water for the community of Starr School. One well on the west side of Starr School (well WL-1 in table 1) is capable of producing 100 gallons per minute. This public water-supply well is located on the terminal moraine deposited by the Cut Bank glacier. The well penetrates about 42 feet of till overlying the gravel aquifer and is screened in gravel from 51 to 56 feet below land surface. The hole for this well was drilled to a depth of 80 feet and encountered clay beneath the gravel and then sandstone from 70 to 80 feet (see hydrogeologic section A-A' of fig. 4 ). fig. 3 ) penetrated gravel and cobbles to 18 feet, clay from 18 to 74 feet, and shale from 74 to 95 feet. The 18 feet of gravel and cobbles contained no significant quantity of water. Six seismic refraction lines were run north and northeast from test well WL-3 to explore the bedrock surface for possible erosional channels that could contain thick gravel deposits. If located, thick gravel deposits would be a favorable location to explore for water. However, the seismic exploration did not indicate any large depressions in the bedrock surface, so additional wells were not drilled into the gravel aquifer on Starr School Flat. On the basis of well, spring, and seismic data, the gravel deposits of Starr School Flat appear to form a relatively thin aquifer.
Water from the gravel aquifer of Starr School flat has a chemical quality suitable for domestic use, as indicated by water samples from well WL-1 and springs SP-1 and SP-2 (table 2). The water is a calcium-magnesium bicarbonate type with a dissolvedsolids concentration of 168 to 266 milligrams per liter (three samples).
Till with Buried Channels and Lenses of Sand and Gravel
Till, a heterogeneous mixture of clay, silt, sand, gravel, and boulders, mantles most of the study area south of Cut Bank Creek and west of Starr School. In the study area, till commonly contains a large proportion of gravel and cobbles and ranges from about 5 to 45 feet thick. Till was deposited in the area by large glaciers that flowed from the high mountains west of Browning onto the adjacent plains. As the glaciers advanced over the plains, they buried many existing stream drainages with till, covering channels containing gravel and sand (buried channels). Lenses of sand and gravel also exist between some till units, where they were deposited by running water from melting glacial ice. Till yields little or no water to wells because of its low permeability, but sand and gravel in buried channels and in lenses between till units are important aquifers.
Buried channels are mapped by Cannon (1996) west and northwest of Browning, along parts of Flatiron Creek and Willow Creek (fig. 3) . The buried channels along Flatiron Creek and Willow Creek mark the probable pre-glacial course of South Fork Cut Bank Creek. The South Fork probably once flowed eastward from sec. 9, T. 32 N., R. 12 W, toward Browning. During Pleistocene time, the advancing Two Medicine glacier buried the ancient stream valley and forced Cut Bank Creek into its present position. Today, parts of Flatiron Creek and Willow Creek meander over wide valleys that approximately overlie the pre-glacial channel of South Fork Cut Bank Creek. An irrigation ditch that diverts water from the South Fork to Flatiron Creek also follows the course of the buried channel.
Lenses of sand and gravel are present between till layers and at the base of till in some areas. The sand and gravel lenses were deposited by glacial meltwater and later became buried with till as glaciers advanced over them. Water from melting glaciers also eroded shallow channels in the till (meltwater channels in fig.  3 ) and deposited a thin, surficial layer of sand and gravel on the north side of Browning in sees. 34 and 35, T. 33 N., R. 11 W. Gravel has been mined at several gravel pits located in that area.
Sand and gravel deposits in buried channels and lenses of sand and gravel within till are the most utilized aquifers in the study area. The Browning public water-supply system has well fields in three locations and all are completed in sand and gravel deposits along buried channels. The oldest well field consists of three wells plus an infiltration gallery located near Flatiron Creek in sec. 11,T32N.,R. 12 W. (fig. 3) . The shallow wells and the infiltration gallery at the Flatiron site were the primary source of ground water for Browning before an additional well field was drilled on the west side of Browning (sec. 3, T. 32 N., R. 11 W.) in 1988.
The Browning well field consists of eight wells that range in depth from 62 to 104 feet (wells WL-11 through WL-18 in table 1). The wells are perforated in sand and gravel and in the underlying bedrock. Bedrock penetrated by the wells consists of mudstone and fine-grained sandstone that yield only a small quantity of water. Most water produced from the wells comes from the sand and gravel deposits. Several of the wells in the Browning well field have reported yields of more than 100 gallons per minute. However, long-term pumping of the wells causes considerable drawdown-interference among the wells and greatly reduces the combined capacity of the well field.
In 1994, two additional wells were drilled for the Browning water-supply system. The two wells were drilled about 4 miles west of Browning in sec. 12, T. 32 N., R. 12 W. (wells WL-8 and WL-9 in fig. 3 ) and are located near the margin of buried channel. Well WL-8 is perforated in gravel and sand at a depth of 55 to 65 feet and well WL-9 is perforated in coarse gravel and sand from 45 to 55 feet. Each well is pumped at about 147 gallons per minute (Robert DesRosier, Town of Browning, oral commun., 1995).
Sand and gravel deposits within buried channels and lenses of sand and gravel between till units can yield 150 gallons per minute or more to properly completed wells. However, long-term pumping of wells at their maximum discharge rate typically depletes water stored within the sand and gravel aquifer and significantly lowers the water level near the wells. Recharge to the aquifer is limited because of the low permeability of the overlying till. Slow recharge to the sand and gravel aquifer is the limiting factor for water production at the Flatiron and Browning well fields. At the Flatiron well field, surface water diverted from South Fork Cut Bank Creek has been used to increase recharge to the aquifer. At the Browning well field, recharge to the aquifer was increased by temporarily damming Willow Creek with sandbags. Water from Willow Creek spread over part of the well field, increasing ground-water recharge and water levels in the wells while the dam was in place.
Results of water-quality analyses of samples collected from wells WL-14, WL-15, WL-17, and WL-18 as part of previous investigations are listed in table 2. Water commonly is a calcium-magnesium bicarbonate type with a dissolved-solids concentration of 291 to 740 milligrams per liter (four samples). Water from well WL-15 had a larger quantity of sulfate than water from the other wells, probably contributed by the underlying bedrock aquifer, which also is penetrated by the well.
Alluvium of Cut Bank Creek
Alluvium, consisting of gravel, cobbles, sand, and silt, is present beneath the channel and flood plain of Cut Bank Creek ( figs. 3 and 4) . The alluvium typically is composed of very coarse gravel and rounded cobbles, indicating deposition by a high-energy stream. From Starr School northeastward to the downstream boundary of the study area, the valley of Cut Bank Creek was formed by an ice-marginal stream. Glacial meltwater flowing along the northern margin of the Two Medicine glacier scoured a channel in the underlying shale and sandstone, creating a channel about 500 to 2,000 feet wide (fig. 4) . Cut Bank Creek and glacial meltwater deposited about 10 to 40 feet of coarse alluvium in the channel.
Surficial geologic mapping and investigation of wells and springs in the area indicate that alluvium in the valley of Cut Bank Creek could be a highly productive aquifer. The alluvial aquifer is hydraulically connected to Cut Bank Creek and receives a large flow of ground water from adjacent aquifers. To investigate the alluvial aquifer as a potential water supply, plans were made to drill three test wells and install one highcapacity well where the test wells indicated favorable aquifer properties.
In October 1994 three test wells (wells WL-4, WL-5, and WL-6) were drilled into the alluvium near Cut Bank Creek to determine thickness of the alluvium, potential for development of high-capacity water wells in the alluvial aquifer, and quality of water in the aquifer. Well WL-4 (also known as Starr School north test well) penetrated gravel, cobbles, and sand from 0 to 33 feet and dark gray shale from 33 to 45 feet below land surface. The well was completed with 5-inch diameter PVC casing to a depth of 33 feet; the casing was slotted from 23 to 33 feet below land surface. Well WL-5 (also known as Starr School center test well) penetrated gravel, cobbles, and sand from 0 to 33 feet and darkgray shale from 33 to 40 feet. Well WL-5 was completed with 5-inch diameter PVC casing to a depth of 33 feet; the casing was slotted from 23 to 33 feet below land surface. Well WL-6 (also known as Starr School south test well) penetrated gravel, cobbles, and sand from 0 to 36 feet and dark-gray shale from 36 to 38 feet. Well WL-6 was completed with 5-inch diameter PVC casing to a depth of 37 feet; the casing was slotted from 25 to 35 feet below land surface.
After completion of drilling and casing, the test wells were pumped with a centrifugal pump to develop the wells and measure water discharge and drawdown. Well WL-4 (north test well) was pumped at 276 gallons per minute with a drawdown of 7.9 feet after about 1 hour of pumping. The static water level in well WL-4 was 2.6 feet below land surface on Oct. 7, 1994, prior to pumping the well. Well WL-6 (south test well) was pumped at 120 gallons per minute with a drawdown of 9 feet after about 1 hour of pumping. The static water GROUND-WATER RESOURCES 13 Table 2 . Quality of water in selected wells, springs, and streams in the Browning-Starr School area, northwestern Montana level in well WL-6 was 8.5 feet below land surface on Oct. 6, 1994, prior to pumping the well. Well WL-5 (center test well) was pumped at a later date by the drilling contractor and had a reported yield and drawdown similar to well WL-6. The static water level in well WL-5 was 5.51 feet below land surface on Nov. 22, 1994. The proposed high-capacity well was not drilled because of problems with access to the site.
The alluvial aquifer probably could yield more than 300 gallons per minute to properly constructed wells, on the basis of limited pumping of the test wells. Prolonged pumping of wells completed in the alluvium would induce recharge to the aquifer from Cut Bank Creek. Because of the large volume of water in storage in the alluvial aquifer, and large volume of recharge from Cut Bank Creek and adjacent aquifers, the alluvial aquifer probably would be a dependable source of ground water, even during times of drought. Additional pumping of the test wells is needed to accurately predict the effects of long-term pumping on the alluvial aquifer.
Water samples were collected from test wells WL-4, WL-5, and WL-6 by the drilling contractor and were sent to Montana Environmental Laboratory in Kalispell, Mont., for analysis. Results of the waterquality analyses are listed in table 2. Water from the alluvial aquifer is a calcium bicarbonate type and has a relatively low dissolved-solids concentration as indicated by the specific-conductance values of 260 to 312 microsiemens per centimeter at 25 degrees Celsius (three samples).
Bedrock Aquifers
Bedrock units consisting primarily of mudstone, shale, and fine-grained sandstone underlie the study area to a depth of several thousand feet. The mudstone and shale yield almost no water to wells; some of the sandstone beds yield a small quantity of water to wells. Sandstone beds are present in the Virgelle Sandstone, the lower part of the Two Medicine Formation, the Horsethief Sandstone, and the St. Mary River Formation. Sandstone beds that underlie the study area seldom yield more than 15 gallons per minute to wells, although some fractured sandstone beds that underlie saturated glacial till and gravel deposits can yield as much as 50 gallons per minute to properly constructed wells.
The Madison Group of Mississippian age, which forms an important aquifer in some areas of Montana, underlies the study area at a depth of 7,900-8,600 feet below land surface (Feltis, 1984) . The aquifer was not investigated as part of this study because of its great depth below land surface. Water samples collected from the Madison Group by the petroleum industry had dissolved-solids concentrations that ranged from 3,000 to 5,000 milligrams per liter (Feltis, 1980) . Many wells in the Browning area penetrate bedrock and are completed in both bedrock and the overlying glacial deposits or alluvium. The eight publicsupply wells located on the west side of Browning (wells WL-11 through WL-18) are completed in sand and gravel and the underlying bedrock of the St. Mary River Formation. However, most of the yield from these wells comes from the sand and gravel aquifer. Most wells that are completed only in bedrock have small yields. Well WL-20, completed in the Virgelle Sandstone and Two Medicine Formation, was test pumped at 5.4 gallons per minute and had 50 feet of drawdown after 90 minutes of pumping. Test hole TH-2 was drilled to a depth of 255 feet in the Virgelle Sandstone and produced only 3.4 gallons per minute.
Water from bedrock aquifers generally is more mineralized than water from unconsolidated-deposit aquifers. A water sample collected from well WL-20 was a sodium bicarbonate-sulfate type with a dissolved-solids concentration of 872 milligrams per liter (table 2) .
SURFACE-WATER RESOURCES
The primary surface-water resource of the study area is Cut Bank Creek. Daily discharge of Cut Bank Creek is determined from data collected by the U.S. Geological Survey at streamflow-gaging station 06098500, located 20 feet downstream from the bridge on Montana Secondary Highway 464 (Duck Lake Road), about 4 miles north of Browning. Altitude of the gage is 4,380 feet above sea level. The drainage area of Cut Bank Creek above the gaging station is about 123 square miles. Water is diverted above the gaging station for stock water and irrigation. Seasonal records were collected at the station from April 1918 to October 1925; continuous records have been collected from April 1991 April to present (1996 .
Daily discharge values for Cut Bank Creek are published by the U.S. Geological Survey in water-data reports for Montana (U.S. Geological Survey, issued annually). Monthly mean discharge for Cut Bank Creek for April 1991 through September 1996 is summarized in table 3. On the basis of the discharge records for 1991-96, the average of the monthly mean discharge ranges from 36.2 cubic feet per second in January to 478 cubic feet per second in June. May and June have the greatest discharge and account for more than 50 percent of the annual runoff.
A flow-duration analysis was made of daily mean discharge for water years 1992 through 1996 (October 1991 -September 1996 , which are the only years for which a complete flow record is available at the gaging station. For water years 1992-96, Cut Bank Creek had a discharge of 24 cubic feet per second or more for 90 percent of the time, a discharge of 65 cubic feet per second or more for 50 percent of the time, and a discharge of 335 cubic feet per second or more for 10 percent of the time. The gaging station recorded no days of zero flow. The highest daily mean discharge was 3,400 cubic feet per second on June 7, 1995, and the highest instantaneous peak discharge was 5,480 cubic feet per second on June 7, 1995.
Water in Cut Bank Creek was sampled at site ST-2 on June 16, 1992, and results of the water-quality analysis are shown in table 2. The specific conductance of the sample was 167 microsiemens per centimeter at 25 degrees Celsius and the dissolved-solids concentration was 89 milligrams per liter. Additional measurements of specific conductance at site ST-2 (64 samples collected between October 1990 and August 1996) had a range of 138 to 320 and a median of 236 microsiemens per centimeter. The specific conductance measurements indicate that water in Cut Bank Creek generally has a smaller dissolved-solids concentration than does ground water in the study area. Water sampled from Cut Bank Creek was a calcium bicarbonate type, suitable for most domestic, livestock, irrigation, and industrial uses. 
CONCLUSIONS
Aquifers in unconsolidated deposits supply most drinking water in the Browning-Starr School area and have the greatest potential for development of additional ground-water supplies. Quaternary and Tertiary unconsolidated-deposit aquifers in the study area are (1) gravel deposits of Starr School Flat, (2) till with buried channels and lenses of sand and gravel, and (3) alluvium of Cut Bank Creek.
The gravel aquifer of Starr School Flat is used as a source of drinking water in the community of Starr School. A public-supply well at Starr School is capable of producing 100 gallons per minute, although wells in most of Starr School Flat would produce much less because of the small thickness of saturated gravel. Water from the gravel aquifer is a calcium-magnesium bicarbonate type with a dissolved-solids concentration of 168 to 266 milligrams per liter (three samples).
Sand and gravel deposits in buried channels and lenses of sand and gravel between till units are the most utilized aquifers in the Browning area. Buried channels are mapped west and northwest of Browning, along parts of Flatiron and Willow Creeks. The Browning public water-supply system has three well fields completed in the sand and gravel deposits. The well fields are located near Flatiron Creek, near Willow Creek about 4 miles west of Browning, and along Willow Creek on the west edge of Browning. The sand and gravel deposits can yield 150 gallons per minute or more to properly constructed wells. However, till overlying the sand and gravel limits the rate of recharge to the aquifer and long-term pumping of wells can significantly lower the water level near the wells. Water from the sand and gravel deposits typically is a calciummagnesium bicarbonate type with a dissolved-solids concentration of 291 to 740 milligrams per liter (four samples).
Alluvium underlying the channel and flood plain of Cut Bank Creek is a very coarse gravel and cobble aquifer that is hydraulically connected to Cut Bank Creek. East of Starr School, the alluvial aquifer is about 33 feet thick and 2,000 feet wide. The alluvial aquifer probably could yield more than 300 gallons per minute to properly constructed wells, on the basis of limited pumping of three test wells. The alluvial aquifer probably would be a dependable source of ground water, even during times of drought, because of the large volume of ground water in storage and the large volume of recharge available from Cut Bank Creek and the gravel aquifer of Starr School Flat. Water from the alluvial aquifer is a calcium bicarbonate type and has a relatively low dissolved-solids concentration as indicated by the specific-conductance values of 260 to 312 microsiemens per centimeter at 25 degrees Celsius.
Cretaceous bedrock underlies the area and consists of mudstone, shale, and fine-grained sandstone. The mudstone and shale yield almost no water to wells, and the sandstone beds seldom yield more than 15 gallons per minute to wells. Water from bedrock aquifers generally is more mineralized than water from unconsolidated-deposit aquifers.
Cut Bank Creek is the primary surface-water resource of the study area. A streamflow-gaging station operated by the U.S. Geological Survey (station 06098500) is located on Cut Bank Creek about 4 miles north of Browning. For water years 1992-96, Cut Bank Creek had a discharge of 24 cubic feet per second or more for 90 percent of the time; a discharge of 65 cubic feet per second or more for 50 percent of the time; and a discharge of 335 cubic feet per second or more for 10 percent of the time. The gaging station recorded no days of zero flow. Water from Cut Bank Creek is a calcium bicarbonate type (one sample) and has a dissolved-solids concentration that generally is smaller than the dissolved-solids concentration of ground water in the area.
